Industrial structure upgrade is a dynamic process of reallocating the factors of production. Human capital, as the most active factor of production, plays an important role in accelerating the upgrade of industrial structure. Taking Guangdong province as an example, this paper uses VAR model and structural deviation degree to examine the impact of human capital investment and allocation on the upgrade of industrial structure respectively. The VAR model result shows that the investment in human capital is the Granger cause of the upgrade of industrial structure, and the impulse response analysis proves that the improvement of human capital level has a long-term positive effect on the upgrade of industrial structure. According to the structural deviation degree, the current industrial distribution of human capital in Guangdong is very inefficient with a total deviation degree of 30%, leading to a talent shortage in the secondary and tertiary industry. Besides, the unbalanced spatial distribution of human capital has widened the disparity of industrial structure among different regions in Guangdong. Finally, this paper puts forward some policy recommendations to solve these problems.
Introduction
In 2015, China's GDP growth slowed to 6.9%, hitting its lowest level since 1990. After 30 years rapid development, China is currently in its crucial stage of economic restructuring. The latest 11th and 12th five-year plans both emphasize the urgency and significance of economic restructuring and made industrial structure upgrade as the top priority. In essence, industrial structure upgrade is a dynamic process of transferring the factors of production including natural sources, technology, physical capital and human capital from low-efficient industries to high-efficient industries. In the era of the knowledge economy, human capital, as the most active factor of production, plays an important role in accelerating the factor movement between industries. The stock and structure of human capital are decisive to the speed and efficiency of industrial structure upgrade.
Located in the south of China, Guangdong always takes the lead in the nation's economic reform. In 1979, Guangdong was nominated the pilot province to adopt reform and opening-up policy, which made it the major destination of early FDI and international industrial transfer. During the past 30 years, Guangdong's manufacturing industry has developed rapidly and established its status as the factory of the world. Affected by the financial crisis of 2008, Guangdong's manufacturing industry received unprecedented challenges, exposing the vulnerabilities of its former industrial structure. After the crisis, the government of Guangdong launched the famous Double Transfer Strategy, industry transfer and labor transfer respectively, to promote the transformation of industrial structure. In general, Guangdong is the epitome of China economy and the pioneer of industrial structure upgrade, which makes it the ideal sample for our study.
The structure of the paper is as follows. In Section 2 we briefly review and summarize the researches on human capital and industrial structure upgrade. Section 3 shows the evolution process of industrial structure over the period 1978-2014 in Guangdong. Sections 4 and 5 cover the empirical analyses. Section 4 uses the VAR model to examine the impact of human capital investment on the upgrade of industrial structure and reveals its mechanism. Section 5 employs the structural deviation degree to illustrate the impact of human capital allocation on industrial restructuring. Finally, Section 6 gives the conclusions and political recommendations.
Related Literatures
The relationship between human capital and economic growth has been discussed very intensively since 1960s. American economist Schultz (1960) , father of modern human capital theory, put forward the concept of human capital when explaining the phenomenon of Mystery of Modem Economic Growth. In his definition, human capital referred to the knowledge, skill and working ability of an individual, and contributed more to the economic growth than physical capital [1] . Based on Schultz's study, Denison (1962) revised the econometric model and found that human capital investment accounted for 23% of American economic growth over the period 1929-1957 [2] . In 1980s, Romer (1986) and Lucas (1988) included human capital in the growth equation as an independent variable and revealed that human capital is the main source of economic growth [3] [4] . Following Romer and Lucas, there has been an upsurge of empirical studies of human capital and economic growth (notably Barro (1991); Temple (1999)) [5] [6] . Generally, foreign scholars have carried out a thorough study of the relationship between human capital and economic growth. However there are few researches about human capital and industrial structure upgrade.
With the introduction of modern human capital theory, Chinese scholars applied it into the research of industrial structure upgrade innovatively, and their findings can be divided into the following three aspects: i) the relationship between human capital and industrial structure upgrade. Zhao (2009) used the push and pull theory to illustrate the interactive relationship between human capital and industrial structure upgrade, and he believed that the current industrial structure was a dynamic equilibrium of the two forces [7] . Dai and Yang (2009) conducted a Granger causality test on the data of Jiangxi province, and found that human capital accumulation was the Granger cause of industrial structure upgrade but not vice versa [8] . Huang (2011) came to the similar conclusion at national level that there was only a one-way relationship between human capital and industrial structure upgrade [9] ; ii) the impact of human capital investment on the upgrade of industrial structure. Liu and Zhang (2004) defined the human capital as a third form of capital in addition to existing physical capital and social capital, and regarded it as the engine of evolution of industrial structure in underdeveloped regions [10] . Ran and Mao (2009) summarized the production effect, knowledge effect and external effect of human capital, and pointed out that the effective supply of human capital would accelerate the adjustment of industrial structure [11] . Zhang (2011) set up an empirical model based on provincial panel data from 1978 to 2008 and found evidence for positive effects [12] ; iii) the allocation of human capital and its impact on the upgrade of industrial structure. Zhang (2004) emphasized that the structure of human capital was a crucial factor to industrial restructuring. The irrational distribution of human capital would greatly weaken the final impact of human capital accumulation, thus affect the efficiency of industrial structure upgrade [13] . Jin (2011) further pointed out that the mismatch between human capital structure and industrial structure is the major cause of structural unemployment in China [14] .
In summary, Chinese scholars have established a preliminary research framework of human capital and industrial structure upgrade. Inevitably, the previous studies have their own limitations. First, there are few in-depth researches into the mechanism of interaction. Second, most empirical works have only considered the impact of human capital investment, neglecting the impact of human capital allocation. In this paper, we will take Guangdong province as an example, using VAR model and structural deviation degree to examine the impact of human capital investment and allocation on the upgrade of industrial structure respectively, and give a further analysis on its mechanism. Figure 1 traces the evolution of industrial structure of Guangdong over the period 1978-2014. Consistent with classification of the National Bureau of Statistics, we divide the national economy into three industries. At the beginning of reform and opening-up policy, Guangdong undertook a large number of international industries transfer from Taiwan, Hong Kong, Macau and other areas, most of which were labor-intensive industries. Due to the industrial transfer, the added value of secondary industry increased rapidly and accounted for 46.6% of GDP in 1978. According to Figure 1 , the initial ratio of added value of three industries was 29.8:46.6:23.6, with the tertiary industry being the lowest part. In the next few decades, the added value of tertiary industry rose steadily and exceeded the primary industry in 1985, then the secondary industry in 2011. 
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Testing Methodology and Data
To capture the inter-dependencies and dynamic relationship between human capital investment and industrial structure upgrade, we choose the VAR model as our empirical method. A p-th order VAR can be specified as:
where t y is a 1 k × vector of endogenous variables, c is a
vector of error terms which satisfy the hypothesis of white noise.
Consistent with the popular definition of industrial structure, we use the proportion of the primary industry in gross domestic product as the variable and define it as S. The smaller the S is, the more advanced the industrial structure will be. Human capital level, represented by H, can be improved in multiple ways including education, on-the-job training, health investment and immigration, which makes it hard to measure its level.
A common practice is to use education as a proxy variable for the reason that the better-educated individuals are more likely to obtain other kinds of human capital [15] . In this paper, we use the average years of schooling of employed persons to measure the initial level of human capital of Guangdong. 
Empirical Results
Unit Root Test
Our VAR model contains two variables of time series, namely S and H. To avoid the potential problem of spurious regressions, we perform unit root tests to each series first. Specifically, we employ the Augmented Dickey Fuller tests to check for the stationarity of each series with the lags selected by Akaike's Information Criterion (AIC).
Following the literature, all variables are transformed in logarithms before the tests.
The results, listed in Table 1 , show that the t-values of ln S and ln H are less than the critical value at 1% significance levels, which means both level series are stationary.
Model Stability
The optimal lag length selected by LR test statistic, AIC and SC criterion is equal to 4, and the estimation of VAR model is listed as follows: 
The stability of VAR model can be tested by AR roots. As is shown in Figure 2 , all the inverse roots of AR characteristic polynomial lie inside the unit circle, indicating that our VAR (4) model is stable. 
Granger Causality Tests
Then, we perform Granger causality tests to examine the likely relationship between human capital investment and industrial structure upgrade. 
Impulse Response
The aim of this section is to examine the impact of human capital investment on the upgrade of industrial structure. To conserve space, we only report the impulse response of ln S to ln H . Figure 3 shows how a shock to human capital level will affect the contemporaneous and future industrial structure of Guangdong. Specifically, we consider one unit shock to ln H . As is shown in Figure 3 , ln S does not response in the first year, which means the impact of human capital investment on industrial structure upgrade is not instantaneous, with a time lag of approximate one year. In the second year, ln S begins to fall and shows a steady downward trend. The value of ln S reaches its lowest point of −0.048 in the seventh year and rises slightly in the next three year. During the period of our analysis, the value of ln S remains negative and the accumulative response values of ln S is −0.30, suggesting that the improvement of human capital level will significantly decrease the proportion of the primary industry in gross domestic product. In other words, human capital investment has a positive and lasting effect on the upgrade of industrial structure in Guangdong. 
Mechanism Analysis
The above empirical work has proved the existence of positive impact of human capital investment on the upgrade of industrial structure. This part tries to shed some light on the mechanism behind the influence. Two possible influence paths are provided in Figure 4 .
The Technology Adoption Path
Generally, the investment activities of human capital are quite unbalanced between different industries. A common phenomenon is that the tertiary industry invests far more than the primary and secondary industry. For example, industries such as the financial industry and scientific research industry are more likely to invest in human capital by recruiting employees with higher education levels and specialized expertise, establishing a complete on-the-job training system, providing gym facilities and additional medical care. It is a consensus that high level of human capital will facilitate the absorption of new technology. The industries with abundant human capital are easier to obtain the domestic and foreign frontier technology. Hence these human-capital-intensive industries should gains comparative advantages and experience rapid total factor productivity growth. As a result, the factors of production will flow to the human-capital-intensive industries automatically to acquire higher factor returns, and consequently accelerate the adjustment of industrial structure.
The Consumer Demand Path
The purpose of production is to satisfy consumer demand. In market economy, the basic question of what and how much to produce is determined by the aggregate preferences of all consumers. Thus, the evolution of consumer demand structure will di- rectly affect the production structure, and subsequently the industrial structure. According to Mincer (1974) , individual income level shows a positive correlation with human capital level [16] . As an individual improves his own human capital level, his wealth will grow as well. Given the different income elasticity of different demands, the hedonic demand including education, medical care, tourism and cultural needs will grow faster than the basic demand of clothes, food, housing and transportation, leading to an upgrade in consumer demand structure. To sum up, the improvement of human capital level, followed by a growth in income level, changes the production structure by affecting the consumer demand structure, ultimately resulting in the adjustment of industrial structure.
The Impact of Human Capital Allocation on the Upgrade of Industrial Structure
The former discussion has illustrated how human capital accumulation affects the transformation of industrial structure. This section will focus on the impact of human capital allocation. Basically, the allocation of human capital can be discussed from two aspects: the industrial level and the spatial level. With the adjustment of industrial structure, human capital, the most active factor of production, should flow between industries and regions to accommodate the demand of restructuring. The transfer speed of human capital will have a considerable impact on the efficiency of restructuring.
The Industrial Distribution of Human Capital
According to the definition of Hou (2001) , the ideal industrial distribution of human capital should be equal to that of GDP [17] . Here we introduce "structural deviation degree" to measure the allocation efficiency of human capital. Given the proportion of the added value of industry i as i x and the proportion of human capital of industry i as i y , the structural deviation degree i z equals to i x minus i y , and the total deviation degree Z is the sum of absolute values of i z . The smaller Z is, the more efficient the allocation of human capital will be.
The stock of human capital is the product of average human capital level and the number of employed persons. For comparison, we will first analyze the structural deviation degree of the employed persons. As is shown in Table 3 , there is a significant mismatch between employed persons and the added value of industries over the period 1990-2010, with the structural deviation degree of the primary industry above zero, while the values of the secondary and tertiary industries are both negative. The results indicate that the primary industry has a large number of surplus labor force, meanwhile the secondary and tertiary industries are suffering from severe labor shortage problems, which hinders the upgrade of industrial structure in Guangdong. We then estimate the stock of surplus labor force of the primary industry with the method provided by Rural Development Institute, and find that there are 12.45 million surplus employees in 2010, accounting for 81.33% of the total labor force of the primary industry. The household register system of China is the main cause of the mismatch, which restricts the outflow of rural labor force by administrative means. Another explanation of the mismatch can be found in Table 4 . The mobility of an employee is considered to be positively correlated with his own human capital level. In 2010, employees in the primary industry only receive an average of 8 years of education, equivalent to the primary school level. Besides, nearly 90% of workers of the primary industry do not have high school diploma, which restricts their access to the modern industrial sector and service sector in the terms of qualifications, resulting in a surplus of labor force in the agricultural sector.
The total deviation degree of human capital stays above 30% over the period 1990-2010. In 2010, the deviation degrees of three industries are −16.94%, 10.57% and 6.44%, respectively. Overall, the signs of the deviation degree of human capital are All the data are re-calculated from The Population Census of Guangdong Province and The 1% Sample Survey of Population in Guangdong. consistent with that of employed persons, while the absolute value of the former is less than the latter. The main cause of this difference is that the average schooling years of the secondary and tertiary industries is longer than that of the primary industry, leading to a decrease in the value of 1 y and increase in 2 y and 3 y , hence the decrease in the absolute value of i z . This difference reminds us that in addition to the transfer of surplus labor force from the primary industry, it is also an effective way to decrease the mismatch by speed up the gathering of high level talents in secondary and tertiary in- 
The Spatial Distribution of Human Capital
According to the official classification, Guangdong province can be divided into four economic regions, the Pearl River Delta region, the eastern region, the western region and the mountainous region, respectively. Table 5 pool of skilled labors, cutting down the costs of factories to search for qualified workers. Besides, the spatial proximity increased their opportunities of technical exchange and access to the frontier technologies. As a result, more factories were moved to there and offered new job opportunities in return. To sum up, the agglomeration of industries in the Pearl River Delta region promoted the accumulation of human capital and vice versa. As for the eastern, western and the mountainous region of Guangdong, these regions lost the first-mover advantage of industrial transfer in the beginning. In the pursuit of high wages and job prospects, millions of young labor force left these regions and flew to the Pearl River Delta region. As a result of brain drain, the secondary and tertiary industries developed at a relatively slow pace, which in turn exacerbated the outflow of labor force and stepped into a vicious circle. Table 6 presents the imbalance distribution of human capital of Guangdong in 2010. Statistics show that the Pearl River Delta region, less than a third of Guangdong's land area, has a labor pool of 35.72 million workers in 2010, accounting for 60.8% of the total, far more than the sum of the other three regions. Besides, the employees in the Pearl River Delta region receive an average of 10.2 years of education, the highest in Guangdong, and 13.65% of who have got college degree or above, the proportion in other regions is less than 7%. Overall, the Pearl River Delta region maintains its dominance whether in quantity or in quality of labor force. The shortage of human capital has become the main obstacle to the rise of the eastern, western and mountainous regions of Guangdong.
Conclusions
Our results can be summarized as follows: i) human capital investment is the Granger cause of industrial structure upgrade, and there exists a bi-directional causality relationship between them; ii) the impact of human capital investment on industrial structure upgrade is not instantaneous with a time lag of approximate one year. In the long run, the improvement of human capital level has a positive and lasting effect on the upgrade of industrial structure in Guangdong; iii) there are two mechanisms through which human capital could affect the adjustment of industrial structure: facilitating the adoption of technology and changing the consumer demand; iv) the industrial distribution of human capital in Guangdong is quite inefficient with a total deviation degree of 30%. The primary industry has a large number of surplus labor force, meanwhile the secondary and tertiary industries are suffering from severe labor shortage problems, which hinder the upgrade of industrial structure; v) the inter-regional movement of human capital is the main cause of regional disparity of industrial structure in Guangdong. With the outflow of young labor force, the eastern, western and mountainous regions of Guangdong are suffering from severe labor shortage and step into a vicious circle. According to the above analyses, we give the following policy recommendations: i) increase the education budget. The average education level of employees, even in the Pearl River Delta region, is relatively low compared with the developed countries. The former nine-year compulsory education policy has achieved great success, and the next step is to increase the education budget to raise enrollment rates of high school or above; ii) remove the obstacles to the transfer of rural labor force. It is urgent to reform the existing household register system and broaden employment channels for surplus labor force. The government of inflow regions must take action to provide equal job opportunities and citizenship treatment for the migrant workers. The government of outflow regions should establish special institutes to offer employment information and training services to accelerate the transfer of surplus labor force; iii) promote the agglomeration of human capital in the eastern, western, and mountainous regions of Guangdong. The key to breaking the vicious circle in these underdeveloped regions is to promote the accumulation of human capital. To attract and retain talents, government could make some preferential policies such as raising salaries, offering public rental housing, medical care and children's education service.
